Whilst bioleaching is primarily used to recover minerals from low-grade ores, the increasing demand for Rare Earth elements combined with supply chain concerns is opening up new avenues of extraction from mine tailings, waste products and recyclable materials. Exploration of new, novel and economically viable techniques are required to manage the coming shortage and volatility of global markets with more environmentally sound alternatives to traditional mining operations holding the key.
The exploitation of microbes in the industrial application of bioleaching has been underway since the 1950s 1 [8] [9] [10] . These bioleaching activities utilise acidophilic and For example, the fungal species Penicillium tricolor was shown to leach 30-70% of available REEs from red mud 9 
compared to
Bacillus megaterium, which leached less than 1% from monazite 11 .
Industrial operations with ferrous and sulphide ores often involve two or more species due to the leaching chemistry requirements, size of the processes and the inability to maintain sterility. It has been shown that mixed acidophilic populations increase recovery rates of copper 12 compared to pure cultures. Our research initially conducted with pure cultures 13 ( Figure 1 ) demonstrated low recovery rates of REEs from a concentrated Western Australian monazite, whereas when bioleaching was performed using nonsterile ore complete with the native population and an introduced PSM (Figure 2 ), REE leaching rates increased tenfold with some species 14 . These leaching rates were much greater than those recorded with either pure cultures or the native consortia alone.
Under the Microscope
Cultures with a fungal starter organism such as Penicillium sp. had higher leaching rates than those commenced with a bacterial isolate such as Enterobacter or Pseudomonas sp. As the indigenous microbial population present on the ore is expected to be limited in number 2 , the addition of a heterotrophic PSM aids in initiating leaching processes during the early operating phases.
Unlike the chemolithoautrophic pathways employed by the microbial consortia for growth during ferrous and sulphide leaching operations, heterotrophic leaching of REE phosphates requires the addition of a carbon source, usually in the form of glucose, which can be cost prohibitive on a large scale. The provision of molasses, a waste product generated from sugarcane refining is a financially 
